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INTRODUCTION 

For a numberof years the Aluminum Company of America 
has been investigating in the Aluminum ResearchcLabdratories 
the fatigue characteristics of riveted-joints in alumtnum 
alloy sheet. Because of the general interest of aircraft 
manufacturers in these tests, the NACA published some of .. 
the results. Reference 1 presents fatigue.data from tests ' 
of 17S-T and 53S-T specimens with rivets having diameters. 
of l/4 inch or more. 

. . 
. I' 

The purpose of the prosent ‘report is to summarize all 
the results of fatigue.tosts that havo been made to date 
in the Aluminum Research Laboratories of lap joints having 
l/8-inch aluminum alloy rivets. The ri$et,materials used . 
were 17S--1, A17S-T, and 24S-T aluminum alloys, while the 
plate materials were 24S-T and alclad 24S-T. 

APPAiiTUS AND TESTS 

All the joints tested were lap joints in 24S-T or 
alclad 24S-T aluminum alloy sheet,.-1 im-&and con- . 
taining one 17S-T, Al7S-T, or 24S-T rivet per joint. * The 
total lap .in each case was l/2 inch, giving an edge dis- 
tance in the direction of stressing equal to l/4 inch or 
two times the nominal rivet diameter. Table I gives a de-. 
scriptive list of the test specimens. All tests were 
made in a rotating-beam-type machin,e giving a complete"' 
reversal of load tending to shear the rivets. . . 

Zfgures 1 and 2 show photograp.hs of,the fatigue test- 
ing machinas used. The machine s‘hotin in figure 1 was 
designed and built at the Aluminum Research Laboratories 
in 1930 and is described in reference 2. This machine 
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was int~Aae$:;'b:rig~na'i~y-'f'or testing ro&ting beam speci- 

.mens having a maximum dismete'r'of 2 inches, but it has 
been provided witb,~speeia~-mixtures (shown in fig; 5) for 
testing joints. The machines shown in figure 2 were dc- 
signed and built at the Aluminum Research Laboratories in 
1942 and..are-,specif&oally intended.fer use Pn tests of 
joints'usitig'th&'fixtures"shbwn in‘figure 4. 

.I 
The procedure for testing joints is the same in each 

of the two machines, In each test, four joints are bolted 
to the fixtures and the assembly subjected to a uniform 
bending moment and rotated about the axis of the fixtures. 
This procedure subjects each individual joint to a com- 
plete reversal. of load...dur.iqg ,.,each cycle.,- .The machine. 
shown in figure 1 operates 'at 1.400 rpm ,+d,.,t,ihe, machina . 
shown'.in figure 2 at 1750.rpmti., 'Zach ,i.s. eqqipp;e;d .yfit.h a. : 
swit.ch.,wh'ich autompt.i.cally. turns of‘f the ,current, --to: the 
mac.h:inc' when a ,s,pie,cb'e-n fails .' . ._ ,:: .,. .--. :. .. ,., , "-. 

'. : i, ;, 
Usually :bnly.,'on0. 'of .t.he, four j0fnts f-ail& in fatigue .. 

and this'"then p'redipitatos .t'he' failure of the ..other three _. 
joints. It is sometimes' difficult to determine the'loca- 
tion,. of. ,inl,t@l failure...,-. .whethe.r in the. rivet or.,the 
sh'ee.t;.,. ::b’e,caupe- ,f.he j 0i'nt.s ti.0. nut..i3a,ted..c:0nside,rably by, 
th.e. $.,i,me the: rotating. b:~a:m,;f,~,,n.al,l,;i stops . . Such cases are 
rep.orted ,as a-. combina,ti0?~~ai,lUr8..: Usually, however, the 
location of in!it,+l failure is definite. , _' *' 

. P..>:.! 

SUMMARY OF XXSULTS 
, . L . - I ,. . ., . . .^ ..'., . 

Table I summarizes the test results of l/8-inch 
diameter r,ivets,,* with ,infe.rmaf.io,n .on .alloy and type of, 
rivet, aheet,.al.loy and thic'kness ,.. prepara:t i.0.n bf. .the 
r ivet holes:,,, and type: of' failure., 
plot,ted.'ik ,f.i'gures.5 to 14., 

The data..hape bo-en + 
! _:, .,;;. : .: 

; 
Table JI';$i.$es .the..fat';i.gue s.trkn&khs- as indicated 

by the cur.ves. of figures .5 $0.1,4., f.or. c.ortain numbers of, 
cycles. of. s t+?s.s. The. joint.s.a-l..e 11.sted.in:thc order of 
decreasing streqgt*hs.under sta.tlc loading.,: . . 

The data,, pre,se>t.cd .in .this rsp.ort.- suggest, t:he.:fo:l- 
lowing comparIso.ns,, al though -1.31. -some c.aFcs* the. evidc.n.ce. I : 
is rathsr'm.eager: . , . . ., .: *.. :.i-,: : s ;..-. 

. .> 
1. 'Fbr" 178-T and Ai7SiT rfvct's , tiz'e joints can be 

. . ., . . .- . . . . * ,, . . .* . . 
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. . 
divided into three.groups acc'ording to strength, the 
strongest being those in dimpled sheet, the ne-xt strong- 
est 'those with plain drilled holes, and fAnalLy those 
with machine countersunk hoies. The only exc'eption is 
item 9 with 0.040-inch-thick sheeet machine-countersunk 
0.050 inch deep with rTvets driven by NACA Method E of 
reference 3. Since the depth of.countersink was greater. 
than the thickness of the.sheet, the shei? araa of the . 
rivets in these j.o'l&ts"-Gas greater than that of the other 
joints, which accounts partially, at least, for their 
higher strength, 

.- 
2. The effect of the depth of the countersink ,on t-he'. 

strength of the joint c,ould, not be definitely..&et.ermi:ned. 
When the'manufacture,d"head is countersunk, the joints 
with full-thickness machino countersink are not as strong , 
as those in which the countersink is only three-fourths 
the thickness of the sheet. This probably results from 
the hrgh stresses developod by the feather edge obtained 
with a full-depth countersink. When the driven head is 

countersunk (XACA method of dr.iving), t.he..joints with. !.. - 
more-than-fullLthickness machine 'counferslnk are.stroqgor:, 
than thoso.intihhch tho countersink is'ohiy. throo-fourths 
of thn thickness of the sheet, The additFoqaIl,shear,area 
produced by the more IfhanAfu&l-thickness:counters.$nk-ap- 
parently aEfa~.ts-o~3r;.dctr2monfal‘effects of;a:feather. : . 
,edge at.t-he :r cm--of +ka hole. " l 

3. The joints with l.7SYT.or.A17S-T, rivet,sl.in.-.dQnpled 
0.040-inchshe-et f&TX'ed .b.y *te.nsile.'fBtigdf; fracture of 
the sheet..' T.ha 24SzT; rfvets of item. 2 were: .dr-iaven in 
0.064-inch sheet; -consecjuen'tl'y, the 'joints failed by 
shearing the rivets. As a rule, the joints wfth plain 
drilled holes failed by shearing the rivets;while in the 
case of those with machine-countersunk holes the type of 
failura could not be definitely datermined. 

4. A comparison of items 1 and 3 indicates that the 
fatigue strength of joints in 24S-T sheet is a little 
greater than that of similar joints in alclad 24S-T. 

. 

5. A comparison of itom 3 fc$th 4, and 5 with 7 in- 
dicates that in static tests and Sn fntipuo tests of 
small nunbcrs of cycles (high strasscs) 17S-T rivets ara 
stronger than 8175-T rivets; whereas for large numbers 
of cycles (low stressos)'thc strengths are practically 

. the same. 
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6. A c.oqpwison of ,itoms 8 and 10 cndicates that,whcn 
the fatigue- fa-ilures qccur in the rivet, the thickness 
of the Shr,(?tl., whothor 0.051 inoh or 0.064 iach, is rcln- 
tivoly un?aportanf eycept in the fatigue tests at high 
stresses {low number of cycles) . In this case the uso of 
thickcr sheet results in a stronger joint. 

7. A comparison .of items 3, 5, and 8 indicates that 
24S&T rivets are stronger in fatigue than 17S-P and 
A17S-I rivets, , 

Aluminum Rososrch Laboratories, 
Aluminum Company of 9mcrica, 

iYaw Kensington, Pa., July 25, 1944. 
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pdT.IGup TEST FfESGTs ON l/@-In. DIAUEW dIJJHIliUM dlJ,OY mvETS. (Ul fatigna tests made on l-in. wi& lap jointa in dmimu .dlq 
sheet with clm rivet per joltat. Test6 maas tier ocq1ete revarwl of load. All etatl.c tests made on l-in. Tide l6$ joints in .Bhminm 
alloy sheet with two rivet4 par jolnt. Ed@ distance parallel to load l/4 in.1 
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m&m3t I Imeut I 
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10 Alma mttm nnt 848-t nrillbd 

ll lT8-T Put AlC.248-t 

Am-T mttal 248-T 38 

BtnUc teat 

L8 l92.a Ala48-T 2lsi E olo!mo 
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1289800 
ll47 wo 
6lwlm 
51u2cKl 

a2870610 
&28ueoo 

ctnk,la-P, ?ld 
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1 

1 1x-T ctuk, loo0 flnt 24sT o.oul dim&CC& 581 25Os, ws ,lws 

2 as-T buttal flAt 24sT 0.064 drilled 680 266Fl ls!sB ls6x 

5 173-T at&, XXI0 fht Aleas-T 0.04 d4pd, 672 2s2s ls2s lms 
IDoat& 

4 Al'Is-r ctak,loO" rlnt Aln.243-T O&U 
tIl%%k 

616 285s 170 3 rl.88 

6 173-T ilam flat Ala.2484 o.Mo 4Q8 HOC l5OC lC4C 

7 Al'&T tunsier rlAt Ala.24s-T o.oul drJ.lm 446 2aoR LU E OBR 

8 Al7S-T buttca flat ws-T 0.064 4Sl 178 B UBR Q2R 

Q Al73-T buttm atak,60° 215-T 0.040 rchhe ct3, 42l 2c2B r&JR ILMR 
0.050’ dsep 

lo Al%%-T bnttm flat 24s? 0.051 drlllod ub 112 B l26B lO7lI 

XL m-T at&, lab0 flnt La.a-T 0.040 mehIm ctak, 402 WC l2SC lco d 

otP,d 2&i-T 
s/4 dopal 

12 Am-T lmttal 0.040 mchlnc etlfk, 888 WE UQB WR 
0.050" lknp 

15 17S-T otak,YXP flat AloSS-T 0.040 aacbim at&, 37Q lmB 102s WC 
fulldepth 

* 3 iixucab illlthl fallnrb In the sboct, E in ths rht, nJxl c a acmblMtlal fnllnrb. 
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Figure 3.- Fixturee for loadhI 
riveted joint6 In 

fatigue testing machine Bhosn 
in figure 1. 
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Figure 2,- Fatigue testing m8ohlneS of rotating b8~~ type 
designed and built at A~III~ZXIIU Researoh Labora- 

tories in 1942.. 



Figure 4.- Firturee for loading riveted joints in fatigue 
teeting mmhlne shorn in figure 2. 
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Item 1, table I 
I Rivet alloy - 17S-T 

c shear; ' 4. 6 fka' M'f'd head - 1000 ctsk 
I Driven head - flat +- 

Sheet alloy Sheet alloy - - 24S-T 24S-T 1 1 
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Cycles Y 

Figure 5.- Shear fatigue tests of l/&in. diameter aluminum alloy rivets. 
Is . 
cn 



I 
. . 

800 

600 

R 

3 b 
z400 

ii 
3 
‘5 

200 

. 0 

. . 

Item 2, table I 
Rivet alloy - 24%T 
U'f'd head - button 
Driven head - flat 
Sheet alloy - 245-T 
Sheet thiakmea - 0.064 in. 

Cycler CrJ 
Figure 6.- Shear fatigue teats of 1/8-h diameter~ahmintm alloy rivets. F 
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I Item 3, table I 
-- Static ehear .- /A,;,, Lb, tr Rivet alloy. - 17S-T 

U’f’d head - 100° ctak 
Driven head. - flat --I-- sheet alloy - blc. 245-T 

\ 
\ Sheet thiakneae - 0.040 in. 

Holes - 1000 dimpled, otak 

0 1 10 102 103 104 105 106 107 108 
Cycles 

Figure 7.- Shear fatigue teate of l/B-in. diameter alminm alloy rive&m. op 
4 



. 
I 

l . .’ l 

. 

800 

I I 

I 
Item 4, table I 

600 Rivet alloy - Al'IS-T 

.-- Static shea.r=;i4f7!'Lkp; 
Y'f'd head - 1OOo etsk 

f: c*- Driven head .- flat 
m \ Sheet alloy - Ale. 245-T 

.P : Sheet thickness - 0.040 in. 
Holes 

'C400 
- dimpled, 100° ctsk 

b PI \ 

% 1. 3 \ 

200 

tL-- - 0 

0 1 10 102 103 104 105 106 107 108 
Cycles 

rr 
Figure 8.- Shear fatigue teats of l/B--in. diameter altmimm alloy rivets. ? 
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Item 5, table I 
r Rivet alloy - 17S-T 

Ml f Id head - button 
Driven head - flat -t 

I Sheet alloy - Ale . 24S-T - 
Sheet thickness - 0.040 in. 
Holes - drilled 

Cycles 

Figure 9.- Shear fatigue tests of l/a-in. diameter aluminum alloy rivets. 
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Item 7, table I 
Rivet alloy - A17S-T 
Wf’d head - brazier 
Driven head - flat 
Sheet alloy - Alclad 24S-T 
Sheet thickness - 0.040 in. 
Holes - drilled I 

Cycles 

Figure lO.- Shear fatigue tests for l/8-in. diameter aluminum alloy rivets. 



. . . . l * 

Item 8, table I 
Rivet alloy - Al’IS-T 
M’f’d head - button 
Driven head - flat 
Sheet alloy - 24S-T 

,_ Static shear _ 1;:. (‘~,::?::,e Sheet thickness - 0.064 in. 
I Holes - drilled I 

Cycles 

Figure ll.- Shear fatigue tests of l/8-in. diameter aluminum alloy rivets. 
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Itema 9 and 12, table ? 3 . 
Rivet alloy - Al’lS-T 
Y’f’d head - button 
Driven head - 600 ctek 

s 

Sheet alloy - 24S-T 
Sheet thiuknesrr - 0.040’ in. 
Holea - > 

Static shear . >;,.? ..’ b b machine ctsk 0.030 in. deep< L I: b machine ctsk 0.030 in. deep< L I: 
0 machine ctsk O.O!jO in. deep?,7’1,, 0 machine ctsk O.O!jO in. deep?,7’1,, 

I I 

1 

., 

Cyclea 2 

Figure 12.- Shear fatipe tests of l/&in. diameter aluminum alloy rivets. ? 
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Figure l3.- Shear fatigue kste of l/&in. diameter aluminum alloy riveta. 

E 



800 

.600 

z 
--I-- 
--I--- 

L- Stntia nhenr I 

Items 11 and 13, table I 
Rivet alloy - 17S-T 
Y’f’d head - 1000 ot& 
Di=iven head - flat 
Sheet alloy - dlo. 24%T 
Shpet thicknese - 0.040 in. 
Holea - :’ 

machine ctsk 3/4 depth , 

Fignre 14.- Shear fatigue teats of l&in. diameter al~rimm tiloy rivets 


